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Abstract —- MWCNT(multi-wall carbon nanotube)-doped PEDOT:PSS(poly(3,4-ethylenedioxythiophene):poly(styrene
sulfonate)), used as a HIL(hole injection layer) material in OLEDs(organic light emitting diodes), was spin-coated on to
the ITO glass to form PEDOT:PSS-MWCNT nano composite thin film. Morphology and transparency characteristics of
nano composite thin films with respect to the loading percent of MWCNT have been investigated using FT-IR, UV-Vis
and SEM. Furthermore, ITO/PEDOT:PSS-MWCNT/NPD/Alq,/Al devices were fabricated, and then J-V and L-V char-
acteristics were investigated. Functional group-incorporated MWCNT was prepared by acid treatment and showed good
dispersion property in PEDOT:PSS solution. PEDOT:PSS-MWCNT thin films possessed good transparency property.
For multi-layered devices, it was shown that as the loading percent of MWCNT increased, the current density increased
but the luminance dramatically decreased. It might be conclusively suggested that the enhanced charge mobility by
MWCNT could increase the current density but the hole trapping property of MWCNT could dramatically decrease the
hole mobility in the current devices.
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transistor), 11-71/32A} B9 X] (organic/polymer photovoltaic cell)[2]
ol A 2xE2] A doft}. o] FollA {f71Hg Ak
(OLED):= ApAI) et tjAaZeo] 2] SRR Q14w o] #Hio)
AeE 3 lrh3-12].

71 2= 1987 Tang®} Vanslykeoll 2] 217]291 217
£ Holst o] 7P ZAARI tutol A F SR AejFtet 7ta
SIEH11-14]. OLED®} PLED(polymer light emitting diode)y= -+ %
= Atolef] W3 BTSo] EAlshs teTEE 7RIt o7l
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OLED®] Frgef=0% d] ARRH ], 42t A5 ITO 4=
Ay FYeH B S wh=t}. w3t OLEDS} PLED?] 1%
99 P AT FUeH Y 284S 98t 1TO el 71A4
Q1 217}, slekAiAe], Tl 5 ookt o] A8 an QT 15-18).
U2 W] © 2 | polyaniline, 4,4'4"-tris(N,N-diphenyl-amino)triphenylamine
(TDATA), 4,4' 4"-tris(N-dibenzo[a,g]carbazolyl)triphenylamine(TDCTA),
Ag0, SiO,, A7 5] A5E 3 7557 ITO U= Alelel
=] G 552 HOMO elUX|9} ITO o= Aleo]e] ofju#] &=
A5 TAAF O R OLEDY] 7558 e Al el QITH19-23].

Aol 3 U5 AEZE poly(3,4-ethylenedioxythiophene):
poly(styrene sulfonate)(PEDOT:PSS) -5 ={J5to] 77] T 1
2b 222k Helld 43 ol s s 918t e mgo] i1 9l
U}H24]. PEDOT:PSSt= BlEFC 2 |27} foldlal 2 A7 |HET
EAT} A7 ¢FYAS Ho] OLED B+ PLEDOA H& F¢=0
2 g oan olxgk e W74 548 FEs] $8te]
PEDOT:PSS ol Wiz 719 F7|Eoly 45 iAkE ESleh=
A&7} H 5ol o]FojAaL §lom, o]e|gt PEDOT:PSS i &
FAE T FUSTH HE F550=2 AMEsIo] 2xe) A5o) e
B K17} QleH25,26]. 53], ¥4 L FFH(CNT: carbon nanotube)
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PSS-MWCNT Wi B35 A3 78] W) ojslo] ullo 2 A
Zafo] vhake] BEale 9l wEex] Wals AEska, v 7] 2
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Fig. 1. Chemical structures of Alq; (Tris(8-quinolinilato)alumin-
ium) (a), NPD (N,N'-di-1-naphthyl-N,N'-diphenyl-1,1'-biphe-
nyl-4,4'-diamine) (b) and PEDOT:PSS (poly(3,4-ethylenedioxy-
thiophene)-poly(styrene sulfonate)(c).

mPa-so]t}, T3 B A S 500 QemT AT 2x1073 S/emo]tf. 71
23 MWCNTE 31817 1452H(CVD) Hefl 2J8fl gdyl 7Rl
CNT M95 AIFO & 5 95%, A5 5~15 nm, Z°] 10 um ©]3}2] =2
7] 2 100~700 cm¥g?] W& ®dAS 7L 1Elal Ay S
© 2 AFE-% NPD(N,N'-di-1-naphthyl-N,N'-diphenyl-1,1"-biphenyl-
4,4-diamine)= 2] 0] X (glass transition temperature : Tg)
95 °C, S =7 (mp) 280~282 °C, TAF(Mw)S 588.72, AR
CyHpNolH B3 SBHTCDS] A& ARE-SIITE. B, W
© 2 AMEE Algy(Tris(8-quinolinilato)aluminium)®] 2] 3025
167 °C, =75 415 °C, HAFES 45943, A CyH g-AIN;04
S 7R Ao e T FSHTCHY AlES AMSSISItE o=
AFze o g7 e Aol 3k EFvlEd.2 eVys AHEst
Fom, dFuF HEHE 660 °C, F3R2TE 2,323 °CE 112
oA FFo] dojudth. 7t £49] ¥4 72+ Fig. 16 B3Ith

2-3. PEDOT:PSS-MWCNT Li= SSIxf| diat ®=

MWCNTel| #573718 E84h7] $18te] Ak 3iks 139 &
HIEE 500 mLE A2 F 1.5 ¢S] MWCNTE H718edct. 181
120 °CellA] 303 52F EFAIZATE. TS, AF A2] Fof] ofe] Hel A
| pH7} 7] HEF SRTE AIEE skl A A2jE MWCNT
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2-5. MM FZNFT-IR), KI2IM EZZTHA|(UV-Vis) X
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A AE] & MWCNTe =908 #H54719) ERlS fl8te] FT-IR
(Fourier-transform infrared spectroscopy)ys ARE-ato] 2] A3} &
2 o] A1, 1TO 21713 flell 2% 79 PEDOT:PSS
Bty PEDOT:PSS-MWCNT Y 5304 vluke] Bl Wsls
31#sk7] $18kd UV/ Vis spectrophotometer(Perkin-Elmer Lambda
18)5 AHg-sto] HAJ8IGITE 39l 300~800 nmE dlof 57
shlet. AR vhete] AMIS S1skal MWCONT A7k wh
& ohke] RERA] WskE nEst| flete] A Aak dnlAd

Table 1. Structural descriptions of OLEDs

P
2.2V
25V
PEDOT 3.0V
PSS
ITO Al
48V | .MwenT | NPD 42V
Al
52V
56V
57V

Fig. 2. Configuration of a multi-layered OLED.

(scanning electron microscopy, SEM, Phillips XL30)2 A3}
TSI

2-6. CI5 AKfe| ME Mt W 3= M S 5

23 F7g)of| 28] A|%¥ PEDOT:PSS-MWCNT &3} 2F 52
Ho 7 A Z%E NPD 55 ©]8-31¢] ITO/PEDOT:PSS-MWCNT/NPD/
Algy/AlS] T 2215 A %5619 01| 42k= 48 F9]%-© % PEDOT:
PSS-MWCNT(40 nm), §& 5552 = NPD(60 nm), 23521 Alg,
(60 nm), AI(100 nm) 5-C& TSIt e Axke] 714 54
2 HE] A HE] (Keithley 2400Y5 835191 OPC-21000% Z731T)
3 U AR A3 BAJ2 g =7 7](optical spectrum
analyzer: Optel 2100)E AH8-8te] S7313Ict. Table 12} Fig. 29I
ABE 54 S-S 8l AlRe v Arke] Al RARE
HE}

3. Z4n} % nFE

3-1. 2sM717F = MWCNT2| FLRIR A ER1) Enje =X
MWCNTS] Wl =% #+5/37]:= PEDOT:PSS-MWCNTS]
1= B3k A|Z2A] PEDOT:PSS 2132A}F &9 ] MWCNT 24k
o] Y& mAE= T3k A F sfelw, o]t 3l A
719] 5 2 sk =4S Hr1sl] 18] FT-IRO] Bo] o8]
2 9tk B Ay s gk WA EE 913 MWCNT 342
T4 Y olF-& ERI3M] fgte] FT-IR AFEHS S48
ow, 7A3H AR MWCONTe] 28t Fahes =737 $5te
UV-Viss ©]-8-3813lt}. 7 A3-E 7174 Fig. 39 4l YER|Sitt. Fig.

Features Device (a) Device (b) Device (c)
Cathode Al[100 nm] Al[100 nm] Al[100 nm]
Emitting Layer Alqg; [60 nm] Alq; [60 nm] Alq; [60 nm]
Structure Hole Transport Layer NPD [60 nm] NPD [60 nm] NPD [60 nm]
Hole Injection Layer PEDOT:PSS [40 nm]  Nanocomposites of PEDOT:PSS and Nanocomposites of PEDOT:PSS and
MWCNT (0.4 w.%) [40 nm] MWCNT (0.8 w.%) [40 nm]

Anode ITO [100 nm]

slskast H47H Hl4= 20095 8
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Fig. 3. FI-IR spectra of pristine MWCNT (a) and acid-treated
MWCNT (b).
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Fig. 4. Transmittance of nanocomposite thin films of PEDOT:PSS-
MWCNT.

304 & = gl%=o] 3,000~3,450 2 1,635 cmollx] 242} sloj ==
2A17] (hydroxyl group(O-H)2} 712221 /ol ~E]7] (carboxyl/ester group
(C=0))2] 54 7|37} vheRsk o, AglakA] o> MWCNTe] B3]
sy o2 mrxElE MWCNTS O-H 327} S35k vkt
U} AR goflo] F-9]7)o) 4] MWCNT EHS] §haol] A gl 1]
off EABHE A9l Fa7F AgE ] -OH A7} vepgrial ek
Ak 58, Fig. 4olM HERERo] ¥H573717F B9 MWCNTE
PEDOT:PSS 334} &9 Ujo]] FAAZ1S W] MWCNT $Hgell wh
2 5] et BT g HAe R Qe & e 1
o1#] ekokrt. wehA, 3l8tAQl mxele] olsll MWCNTS] Hel =
s ek W71 TP EklEglon, 53] -OH7 17}
=¥l MWCNTS] PEDOT:PSS £ U 43| F712 Q15
PEDOT:PSS-MWCNTS] Uhie 23k uhake] Eaji Zmof|x] 9=
o 5495 B3l

S gl =e A 54 AT 421

3-2. PEDOT:PSS-MWCNT L= S§kxf| uiato] oZ=2%|

F714g tlo] @ mofl ) T wke A vhuke] mE e x)= 7))
EA 3} ek fhdo] Qluk A 7E) WA O 7 2)%% PEDOT:PSS
<7} PEDOT:PSS-MWCNT 2] -5 7+ SEM ©|1] 4] Fig.
5] Btk PEDOT:PSS 9] ¥ FE2A= vl 743k 2&
ok &= 9lom, A~y TR o3t ujH B oy 1x el
o)t wjA| wtgo] TEER] ittt o)7L ITO XS Zek=vlz
Aste] gole] AgAdo] e lon, Adst A F9 W A
Z ¥AL Aad 432 ¥t PEDOT:PSS-MWCNT e 2

DONG-A 5 50, 100nm . WD 5.1mm

DOMNG-A 5 000  100nm WD

Fig. 5. SEM images of thin film surfaces of PEDOT:PSS(a),
PEDOT:PSS-MWCNT (0.4 wt.%)(b) and PEDOT:PSS-
MWCNT (0.8 wt.%)(c).
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Fig. 6. J-V characteristics of multi-layered OLEDs. (device 1)
ITO/PEDOT:PSS/NPD/Alq,/Al; (device 2) ITO/PEDOT:
PSS-MWCNT(0.4 w.%)/NPD/Alq,/Al; (device 3) ITO/PEDOT:
PSS-MWCNT(0.8 w.%)/NPD/Alq,/Al.
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F AAFe] A71% 5AJ91 J-V(current density- voltage: 7 U %-
A8 54 A= Fig. 60 YERRITE. PEDOT:PSS-MWCNT B}
w5 Aol A-gelels A AR WSt 948 TN BEE
Holw, =9J¥ MWCNTE] #&ko] 71rs =2 A7 Ues
BT}, w3k £y z9to] PEDOTPSS 52 £913F Axjors= oF
6 V= 1.5 21}, PEDOT:PSS-MWCNT 52 £83F Axjol| A= of
1 VZ @ZskA] "ojzlo] =it olefgh A w2 714
£73& Holi= MWCNTel 23] Btet yjel|4 ] Ha} o] 5 &7} &
o] A o2 AfF Wt ST 2o dhdEtt, o]egh

Ao weke),
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HE-A 548 Fig 791 BAISHATE 3 =-H9f S =
MWCNT §Hgo] Z71gtel| whet 3|7t dzshAl ashs 545
Hol Axte] AR WA 549 A} ks 548 vehd
Atk &, PEDOT:PSS =¥ MWCNTE] g&o] 58 = 3
St AAsHA AAshEA JiA] Ak (turn-on voltage)o] oF 60114
ok 10 V& F7leh= AeE Bl o]2|gh §/4=> PEDOT:PSSe]|
A FE= gEo]l MWCONTe 2JsliA] 28]A] =i, o] & Q1% 4
T ol FT}t Fasle] Ay o It AshEE Ao wuy
o, TN Rl 7] EAF 2R EE APeln o)k e |
Ao] MR 21 0 7 % W s a1 QIeH33]. MWCNTS] =53¢ ¢
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Fig. 7. L-V characteristics of multi-layered OLEDs. (device 1)
ITO/PEDOT:PSS/NPD/Alq,/Al; (device 2) ITO/PEDOT:

PSS-MWCNT(0.4 w.%)YNPD/Alq,/Al; (device 3) ITO/PEDOT:
PSS-MWCNT(0.8 w.%)/NPD/Alq,/Al

slo] Af Wi S7RIAT MWCNTS) 332 7= 58 (hole
trapping ability)el] 23] A¥}4] 0= AJFo] 233]7A o] A4 o
2 24 I AskE g 0w st weba], At
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